The distribution coefficient (KD), also refered to as the partition coefficient, is a constant which is closely related to the lipophilicity of a substance. Thus, KD is often applied to estimating the biological activity or toxicity of molecules. Many experimental approaches have been reported for the determination of KD. 1 They are classified as direct (absolute) and indirect (relative) methods based on whether they require standard materials for calibration or not. Shake-flask and stirflask methods are still widely used and studied for improvement, 2 though they belong to the most classical methods. This is because these methods are absolute methods, which are expected to give more reliable values than relative methods. In our previous paper, 3 we proposed an absolute method using a flow system for KD determination: a flow ratiometry coupled with continuous-flow extraction. In this approach, an organic stream was merged with an aqueous stream containing an analyte at various flow ratio (Rf). The absorbance (A) of the analyte in either phase was measured after phase separation. The KD or the distribution ratio (D) of the analyte was obtained by analyzing the relationship between A and Rf. The principle of such ratiometry is considered to be applicable to a simpler system, a batchwise system, by using the volume ratio instead of the flow ratio. In the present work, therefore, we studied the "volume ratiometry" for determining KD by coupling it with the conventional shake-flask method.
Experimental

Reagents
All of the reagents used were of analytical reagent grade purchased from Kanto Chemicals Co., and used without further purification. The water was Milli-Q SP deionized water.
Method
In a typical case, a buffer solution containing an analyte and chloroform were poured into 100 cm 3 test tubes equipped with stoppers at organic/aqueous volume ratios of 1.667, 1.250, 1.000, 0.625 and 0.333. The tubes were shaken vigorously using an Iwaki VD shaker for 30 min. They were then allowed to stand at room temperature until the two phases were separated from each other and no emulsion was observed visually. The absorbance of the chloroform phase was measured at the maximum wavelength of the analyte using a JASCO Ubest-50 spectrophotometer.
Principle
When chloroform and an aqueous solution of an analyte (concentration, Cai) was shaken at a volume ratio of Rv, D at the distribution equilibrium could be expressed
where Co is the concentration of the analyte in the chloroform phase. Here, D corresponds to KD when the dissociation and association of the analyte can be neglected. By assuming that the absorbance of the organic phase (Ao) is proportional to Co (Beer's Law), three kinds of equations can be derived for linear plots, as follows:
where ko is the absorption constant of the analyte in the organic phase. Therefore, by plotting Ao -1 against Rv, (AoRv) -1 against Rv -1 , or AoRv against Ao, D can be calculated from each slope and intersection. When the analyte is measured in the aqueous phase, three similar equations are derived by substituting AaD and ka for Ao and ko in Eqs. (2) - (4), respectively, where subscript "a" means the aqueous phase. It is possible to derive such the equations for a system where an analyte is initially dissolved in the chloroform phase. Table 1 is a summary of linear plots applicable to each system. 
Results and Discussions
The linearity of the plots is satisfactory (r 2 >0.999). Almost the same values of log D were obtained through Eqs. (5) - (7) 10 The effect of dimmer formation on log D seems, however, not to be very significant under the present experimental condition. That is, theoretical value of log D for benzoic acid (Coi: 0.001 mol dm -3 ), obtained by using Kdc (47.62) and log KD (0.50: median of the literature values 5, 7 ), was 0.514 -0.517 (depending on the plot type); the difference between log D and log KD is 0.014 -0.017. In a calculation to obtain the theoretical value of log D, the following assumptions were made: 1) Ao is proportional to the total concentration of benzoic acid in the chloroform phase (i.e., [monomer] + 2[dimer]), and 2) the dissociation of the acid in the aqueous phase is negligible. As for vanillin, our data of log D at pH 5.0 (1.215 -1.264) were apparently smaller than the literature value (2.30). It is, however, not appropriate to judge the accuracy of the data, because only one literature value is available, as far as we know. In the cases of phenol at pH 9. In conclusion, the present method based on volume ratiometry has satisfactory precision and accuracy. This method has a distinct advantage over the conventional batchwise method for cases where no information concerning the initial and final concentrations of the analyte is required, as long as the analytical signal is proportional to the analyte concentration in 
